Preparation and isolation of KSI. All experiments were conducted on the Ketosteroid Isomerase (KSI) from Pseudomonas putida (pKSI) with the mutation D40N. The protocol employed was similar to that reported previously. 31 A pKK223-3 construct containing the open-reading frame for the KSI gene along with a Carbenicillin resistance gene was transformed into BL21-AI competent E. coli cells (Stratagene). Single colonies were selected from an agar plate treated with Carbenicillin, and then grown in 10 mL starter cultures consisting of LB broth (8 h, 37.5 o C) with 100 µg/mL Carbenicillin. The starter cultures were transferred to typically 2 × 1 L of TB broth with 100 µg/mL Carbenicillin. The expression culture was incubated at 37.5 o C, 200 rpm. After 1 h, IPTG was added to 0.5 mM to induce expression, and growth/expression continued overnight for an additional ca. 15 h. Cells were harvested by centrifugation, resuspended in 40 mM KP i (1 mM EDTA, 2 mM DTT, 1-2 mg bovine DNAse), and lysed by homogenization. The lysate was centrifuged again, and the supernatant was filtered once with a .45 µm filter then with a .22 µm filter. The filtered lysate was loaded onto a custom-designed deoxycholate-based affinity column; nearlypure KSI D40N was eluted off the column in 50% EtOH (vol/vol). Eluted protein was exchanged with buffer to reduce EtOH to 10% (vol/vol) by dilution-reconcentration cycles with centrifugal concentrators with a 10,000 molecular weight cutoff (Amicon).
Fried & Boxer, Evaluation of Concerted Acid-Base, supplementary information Page S4 of S14 5% vol/vol D 2 O) set to 0 ppm. To perform a ligand concentration series, additional ligand was added in small volumes of DMSO to the same sample. This manipulation was done by removing the sample contents with a long Pasteur pipette from the Shigemi tube into a microcentrifuge tube. The additional ligand (typically <1 µL) was added, and mixed by aspiration. The contents were then delivered back to the Shigemi tube.
Preparation of 4-fluorophenol-2,6-d 2 . 4-fluorophenol-2,6-d 2 (4Fd2) was prepared by a method based on that of Perrin and Dong. 47 In greater detail, 4-fluorophenol (Sigma-Aldrich, 1.12 g, 10 mmol) was added to an oven-dried round bottom flask containing 6.4 g of 1:1 (w/w) D 2 SO 4 :D 2 O. The solution was heated in an oil bath at 75˚C, and stirred with a magnetic stir bar. After 6 h, the mixture was dropped slowly onto ice and extracted 3 times with diethyl ether (15 mL). The combined organics were dried over Na 2 SO 4 and reduced by rotary evaporation, furnishing an orange-colored oil. The oil was re-dissolved in 6.4 g of 1:1 (w/w) D 2 SO 4 :D 2 O and the procedure was repeated. Rotary evaporation led to an oily residue that could not be further reduced. Fried & Boxer, Evaluation of Concerted Acid-Base, supplementary information Page S8 of S14 Fried & Boxer, Evaluation of Concerted Acid-Base, supplementary information Page S9 of S14 Figure S2 Fried & Boxer, Evaluation of Concerted Acid-Base, supplementary information Page S10 of S14 Fried & Boxer, Evaluation of Concerted Acid-Base, supplementary information Page S11 of S14
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Supplementary Discussion
Interpretation of 13 C NMR data. The 13 C chemical shift of the C1 carbon in phenol is a sensitive probe of ionization state (168.46 ppm in the ionized stated and 158.06 ppm in the neutral state, Figure S1A , black traces), allowing one to distinguish between the two tautomeric forms of the internal proton transfer. The binding constant of phenol at pH 7.2 (K D = 150 µM) is such that NMR is not amenable to the set of enzyme and ligand concentrations needed for the ligand to be quantitatively bound. Nevertheless, a series of measurements ( Figure S1A , colored traces) at several ligand concentrations can be fit to
where f bound is the fraction of ligand that is bound,  bound and  free are the basis chemical shifts of [1-13 C]phenol in the bound and free form, respectively, and  obs is the observed peak position for a given ligand concentration. f bound can be calculated in terms of specified quantities, and  bound and  free can be extracted by fitting eq S1 to the data. Figure S1B shows that eq S1 is a satisfactory model, from which we can extract the basis chemical shift for the bound state ( bound = 161.67 ppm). At no concentration is phenol ever quantitatively bound, and therefore the intercept of this plot does not occur at 161.67 ppm.
The validity of eq S1, which asserts a linear dynamic averaging between the bound and free states of phenol, is based on the separation of timescales between the binding kinetics (k off ~ 10 4 s -1 ) and the chemical shift timescale associated with the ~5 ppm of dispersion at 13 C's Larmor frequency (10 2 -10 3 Hz). The value that  bound assumes
Fried & Boxer, Evaluation of Concerted Acid-Base, supplementary information Page S12 of S14 can be approximated as resulting from a superposition of protonated and neutral forms of phenol when in the KSI D40N active site, according to eq S2:
where  ionized and  neutral are the basis chemical shifts of [1-13 C]phenol in the ionized and protonated states respectively (black traces in Figure S1A ), and f is the fraction of bound ligand ionized, as defined previously. Eq S2 presumes yet another separation of timescales: this time between the binding kinetics (k off ~ 10 4 s -1 ) and the rate constant of the internal proton transfer that relates the two tautomeric forms, E-O -•HO-L and E-OH• -O-L (k ~ 10 11 s -1 based on the peak separation observed by IR, see Figure 2F ). In other words, the bound state as represented by  bound reflects the weighted average ionization state of [1-13 C]phenol whilst it is bound to KSI D40N . Therefore according to eq (S2),
 bound determines f with no free parameters, and we calculate f = 0.35.
This interpretation assumes that  bound reflects only ionization; on the other hand, one must be aware of the possible contribution to  bound due to the active site environment, that is, due to electric fields (solvation) and magnetic fields (ring currents), which may confound eq S2 and a simple interpretation of  bound . As a telling example of this complication, we performed an identical experiment with the ligand [1-13 C]4nitrophenol ( Figure S1C ). 4-nitrophenol has much stronger affinity (K D = 2 µM 31 ) and is known to bind quantitatively in the anionic form (i.e., f = 1) from UV-Vis spectroscopy. 31 Nevertheless, as seen in Figure S1C , its chemical shift bound to KSI D40N is about 3 ppm off from the value expected if one were to assume the only contribution to the chemical shift were ionization (compare the red or orange trace to the fully ionized basis peak at 179.92 ppm). If this also applied to phenol, the conceivable uncertainty in f would be
Fried & Boxer, Evaluation of Concerted Acid-Base, supplementary information Page S13 of S14 very high (0.35 ± 0.30). These observations highlight the difficulty in identifying incisive probes of the internal proton transfer for the general reason that environmental effects are convolved with ionization by many spectroscopic observables. The analysis presented illustrates a general limitation of NMR methods, and explains the disagreement between the IR data presented in the main text and the 19 F NMR experiments in ref 31.
We note further that the 19 F nucleus is even more sensitive to environment (as quantified by the shielding polarizability 49 ) than 13 C, rendering eq S2 even less valid, and rendering 19 F NMR a less faithful reporter of ionization state.
4-cyanophenol binds as an anion.
While 4Fd2 (solution pK a = 10.0) binds to the active site of KSI D40N as a mixture of the protonated and deprotonated forms, other phenols whose solution pK a s are lower are expected to bind largely as anions. 29,30 A previous study determined that 4-nitrophenol (pK a 7.14) binds as an anion, 31 and Figure 3 shows that 4-cyanophenol (pK a 7.95) binds exclusively as an anion, as expected. We performed these studies at a higher pH in the event that if some 4-cyanophenol were unbound, it would be ionized, so neutral 4-cyanophenol would have to be due to action of the KSI active site. In contrast, UV-Vis spectroscopy and 19 F NMR studies in ref. 31 came to the conclusion that phenols of all pK a bind as anions, which is inconsistent with the present results as well as forthcoming ones. As discussed in the main text, UV-Vis spectroscopic methods suffer from the spectral overlap of protonated and deprotonated forms. NMR methods suffer from the convolution of environmental and ionization effects in the chemical shift, vide supra.
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